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(57) ABSTRACT

A color deviation balance thin film, a side-type backlight
module and a liquid crystal display device. The color devia-
tion balance thin film is applied to the side-type backlight
module and the thickness of the color deviation balance thin
film is gradually reduced along the backlight irradiation
direction. The color deviation balance thin film is arranged in
the side-type backlight module and the side-type backlight
module with the color deviation balance thin film is arranged
in the liquid crystal display device. When the side-type back-
light module with the color deviation balance thin film is
applied to the liquid crystal display device, the intensity dif-
ference of light at different positions along the backlight
irradiation direction can be reduced, and the problem of the
color deviation generated in the display picture can be effec-
tively improved.
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COLOR DEVIATION BALANCE THIN FILM,
SIDE-TYPE BACKLIGHT MODULE AND
LIQUID CRYSTAL DISPLAY DEVICE

FIELD OF THE INVENTION

Embodiments of the present invention relate to a color
deviation balancing film, an edge-lit backlight module and a
liquid crystal display (LCD) device using such an edge-lit
backlight module.

BACKGROUND

As the development of the display technology of LCD,
LCD has been used in various fields of display and people’s
requirements on the image quality of a LCD are also increas-
ing.

Since a LCD does not emit light itself, the lighting quality
of a backlight of the LCD is particularly important. Light
Emitting Diode (LED) backlights have the benefits of high
brightness, low power consumption and etc. as compared to
conventional Cold Cathode Fluorescent Lamp (CCFL),
therefore LED backlight modules have been applied in more
and more LCD devices.

There are two types of LED backlight modules, which are
direct-lit backlight module and edge-lit backlight module
respectively. With the edge-lit backlight module, light comes
in from the edges, which is different from the direct-lit back-
light module, therefore the number of the LED lights can be
reduced, power consumption and production cost can be low-
ered, and also the thickness ofa display device can be smaller.
In the edge-lit backlight module, a light guide plate converts
parallel incident light into upward-exiting planar light. The
light guide plate comprises a substrate having an incident
surface for receiving a light beam, a bottom surface adjoining
the incident surface, an exiting surface adjoining the incident
surface and opposed to the bottom surface, and a side surface
adjoining the bottom surface and the exiting surface and
opposed to incident surface. In the light guide plate, light is
incident on the incident surface, then reflected to the exiting
surface by the bottom surface and exits. In order to further
improve the luminous efficiency, mesh dots may be arranged
on the bottom surface or a mesh dot layer may be attached to
the bottom surface so that light can be reflected to the exiting
surface more efficiently by the mesh dot and then exits. As
illustrated in FIG. 1, an edge-lit backlight module comprises
a light guide plate 11 on the bottom surface of which a mesh
dot layer is arranged and a light source 12 that comprises
LEDs. The light source 12 is located on a side of the light
guide plate 11 and light from the LEDs travels through the
light guide plate 11 as illustrated by the arrow in the figure.

According to Beer-Lambert law, when a parallel mono-
chrome light beam passes through a uniform non-diffusing
light absorbing substance perpendicularly, the absorbance A
of the monochrome light by the light absorbing substance is
proportional to the concentration ¢ of the light absorbing
substance and the thickness b of the light absorbing layer as
illustrated in the following Equation 1.

A=Ig(1/T)=Kbc Equation 1

wherein A is the absorbance, T is the transmittance that
represents a ratio of the intensity of the transmitted light to the
intensity of the incident light, K is the molar absorption
coefficient, ¢ is the concentration of the light absorbing sub-
stance, and b is the thickness of the light absorbing layer. As
illustrated in FIG. 1, upon light passing through the light
guide plate, the excessive absorbing of light having certain
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wavelength by the light absorbing substance in the substrate
of'the light guide plate dramatically decreases the proportion
of the light having certain wavelength in the whole light
spectrum. Further, the light having certain wavelength can
also be absorbed by the light absorbing substance in the mesh
dot layer when it is reflected by the layer. As the optical path
of the light and the times that the light is reflected in the
substrate of the light guide plate increase, the total absorbing
of the light having certain wavelength will continue increas-
ing, which gradually reduces the intensity of the light having
certain color, causes the intensity of the light having certain
color varying along the backlight illuminating direction (the
backlight illuminating direction herein means the light illu-
minating direction parallel to the bottom surface of the light
guide plate), and thus makes the chroma of the displayed
image deviated. Especially when applied in large scale LCDs,
edge-lit backlight modules will result in severe chroma devia-
tion of the displayed image.

SUMMARY

The embodiments of the present invention provide a color
deviation balancing film, an edge-lit backlight module and a
LCD device. The variation of the light intensity along the
backlight illuminating direction can be reduced and thus the
problem of the chroma deviation of the displayed image can
be solved effectively when the edge-lit backlight module is
used in the LCD device.

One aspect of the present invention provides a color devia-
tion balancing film that can be used in an edge-lit backlight
module. The thickness of the color deviation balancing film at
both ends thereof decreases along the backlight illuminating
direction.

For example, the relationship between the thickness of the
color deviation balancing film and the length of the color
deviation balancing film along the backlight illuminating
direction may be a linear relationship represented by
Y1=k1*X+H, wherein, Y1 is the minimal thickness of the
color deviation balancing film, X is the length of the color
deviation balancing film along the backlight illuminating
direction, H is the maximum thickness of the color deviation
balancing film, and the coefficient k1 is the slope value of the
thickness of the color deviation film relative to the length
thereof along the backlight illuminating direction. The slope
value may be in the range from —0.00005 to -0.00015.

In an example of the color deviation balancing film, the
slope value of the thickness of the color deviation film relative
to the length thereof along the backlight illuminating direc-
tion may be -0.00008.

The material of the color deviation balancing film may be
for example light curable resin.

Another aspect of the present invention provides an edge-
lit backlight module comprising a light guide plate and an
optical film arranged on the light guide plate. The edge-lit
backlight module may further comprise the color deviation
balancing film in accordance with embodiments of the
present invention.

The edge-lit backlight module may further comprises a
light source and the end of color deviation balancing film
where the thickness of the color deviation balancing film is
maximum is arranged near the light source.

The light guide plate may comprise a substrate having an
incident surface for receiving a light beam, a bottom surface
adjoining the incident surface, and an exiting surface adjoin-
ing the incident surface and opposed to the bottom surface. A
mesh dot layer may be arranged on the bottom surface of the
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light guide plate, in which the dot density gradually decreases
along the backlight illuminating direction.

For example, the relationship between the dot density of
the mesh dot layer and the length along the backlight illumi-
nating direction may be a linear relationship represented by
Y2=k2*X+p, wherein Y2 is the dot density of the mesh dot
layer, X is the length of the color deviation balancing film
along the backlight illuminating direction, p is the maximum
density of the mesh dot of the mesh dot layer, the coefficient
k2 is the slope value of the dot density of the mesh dot layer
relative to the length along the backlight illuminating direc-
tion and may be in the range from -0.05 to -0.15.

For example, the slope value of the dot density of the mesh
dot layer relative to the length along the backlight illuminat-
ing direction may be -0.08.

For example, the color deviation balancing film may be
arranged on the optical film or between the optical film and
the light guide plate.

A further aspect of the present invention provides a LCD
device comprising the edge-lit backlight module.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate the technical solution of the
embodiments of the invention, the drawings of the embodi-
ments will be briefly described in the following; it is obvious
that the described drawings are only related to some embodi-
ments of the invention and thus are not limitative of the
invention.

FIG. 1 schematically illustrates a structure of a conven-
tional edge-lit backlight module;

FIG. 2 schematically illustrates a backlight module in
accordance with an embodiment of the present invention;

FIG. 3 schematically illustrates another backlight module
in accordance with an embodiment of the present invention;

FIG. 4 compares a color deviation balancing film in accor-
dance with an embodiment of the present invention and an
optical film in the prior art;

FIG. 5 schematically illustrates a mesh dot layer of a light
guide plate in accordance with an embodiment of the present
invention;

FIG. 6 schematically illustrates the selected dots on a 18.5
inch LCD device.

REFERENCE NUMBER

11, 21: light guide plate; 12, 23: light source; 111, 211:
incident surface; 20: edge-lit backlight module; 210: sub-
strate of light guide plate; 212: bottom surface; 213: exiting
surface; 22: optical film; 24: color deviation balancing film.

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the invention apparent, the technical
solutions of the embodiment will be described in a clearly and
fully understandable way in connection with the drawings
related to the embodiments of the invention. It is obvious that
the described embodiments are just a part but not all of the
embodiments of the invention. Based on the described
embodiments herein, those skilled in the art can obtain other
embodiment(s), without any inventive work, which should be
within the scope of the invention. It should be noted that the
use of the article “a” and “an” before a component in the
embodiments of the present invention is not for limiting num-
ber of the component.
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The embodiments of the present invention provide a color
deviation balancing film, an edge-lit backlight module and a
LCD device. When the edge-lit backlight module is used in
the LCD device, the variation of the light intensity along the
backlight illuminating direction can be reduced and thus the
problem of the chroma deviation of the displayed image can
be solved effectively.

The embodiments of the present invention provide a color
deviation balancing film that can be used in an edge-lit back-
light module. The thickness of the color deviation balancing
film gradually decreases along the backlight illuminating
direction.

It is to be noted that, in the embodiments of the present
invention, the backlight illuminating direction is the direction
illustrated by the arrows in FIGS. 2, 3 and 5, that is, the light
illuminating direction parallel to the bottom surface of the
light guide plate.

The relationship between the thickness of the color devia-
tion balancing film and the length of the color deviation
balancing film along the backlight illuminating direction is a
linear relationship represented by Y1=k1*X+H. Y1 is the
minimal thickness of the color deviation balancing film (e.g.,
the thickness of the color deviation balancing film at the end
thereof away from the light source), X is the length of the
color deviation balancing film along the backlight illuminat-
ing direction, H is the maximum thickness of the color devia-
tion balancing film (e.g., the thickness of the color deviation
balancing film at the end thereof adjacent to the light source),
and the coefficient k1 is the slope value of the thicknesses of
both ends of the color deviation film relative to the length
along the backlight illuminating direction. The value of the
coefficient k1 is in the range from -0.00005 to -0.00015,
preferably —0.00008.

The color deviation balancing film can be formed of light
curable resin.

In particular, the color deviation balancing film can be
formed oflight curable resin through optical exposure curing-
etching process.

As illustrated in FIG. 2, the present invention also provides
an edge-lit backlight module 20 comprising a light guide
plate 21 and an optical film 22 arranged on the light guide
plate 21. The edge-lit backlight module 20 further comprises
the color deviation balancing film 24 described above.

The thickness of the color deviation balancing film in
accordance with the embodiments of the present invention
decreases gradually along the backlight illuminating direc-
tion. The edge-lit backlight module provided by the present
invention comprises the color deviation balancing film.
Because the thickness of the transmissive film decreases with
the length thereof along the backlight illuminating direction
increasing, the absorbance of light having the light having
certain wavelength by the absorbing substance in the trans-
missive film decreases with the decreasing of the thickness of
the film. That is, the decrease of the light intensity is greater
near the light source than away the light source. Therefore,
variation of the light intensity along the backlight illuminat-
ing direction can be reduced, and the problem of chroma
deviation of the displayed image can be effectively solved
when the edge-lit backlight module is applied to the LCD.

The optical film in the edge-lit backlight module in accor-
dance with the embodiments of the present invention can be
diffusing film, prism film or a composite film for both diffus-
ing and brightness enhancement. Accordingly, the color
deviation balancing film 24 can be arranged on the optical
film 22 or between the optical film 22 and the light guide plate
21.
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Since typically a diffusing layer, a prism layer or a com-
posite layer comprising a diffusing layer and a prism layer
may be formed on the light guide plate of the conventional
edge-lit backlight module, in the edge-lit backlight module 20
provided in the embodiment of the invention as illustrated in
FIG. 2, the color deviation balancing film 24 can be directly
formed on or can be arranged on the optical film 22 by using
known process. In addition, the color deviation balancing film
24 can also formed or arranged between the optical film 22
and the light guide plate 21 (not illustrated) by using a process
such as printing or coating. The color deviation balancing film
24 of the present invention can be formed on a variety of films
orlayers or structures of the edge-lit backlight module so as to
solve the problem of chroma deviation in current product.

For example, when there is a diffusing layer on the light
guide plate 21, the color deviation balancing film 24 can be
formed on the diffusing layer by using wet coating process.
When there is a prism layer on the light guide plate 21, the
color deviation balancing film 24 can be formed on the prism
layer by using ultraviolet (UV) drying process. When there is
a composite layer comprising a diffusing layer and a prism
layer on the light guide plate 21, the color deviation film 24
can be formed by using rolling process. With respect to the
current wet coating process and the UV drying process, the jet
head for coating the color deviation balancing film shall be
modified to perform flow rate changing coating so that the
thickness of the color deviation balancing film can be
changed in a predetermined manner. When the color devia-
tion balancing film is formed by the rolling process, the
interval between the rolls shall continue changing so that the
thickness of the color deviation balancing film can be
changed in a predetermined manner.

The relationship between the thickness of the color devia-
tion balancing film 24 and the length of the color deviation
balancing film 24 along the backlight illuminating direction
(the direct illustrated by the arrows in the drawings) is linear
and can be represented by Y1=k1*X+H, wherein Y1 is the
minimum thickness of the color deviation balancing film 24
(e.g., the thickness of the color deviation balancing film at the
end thereof away from the light source), X is the length of the
color deviation balancing film along the backlight illuminat-
ing direction, H is the maximum thickness of the color devia-
tion balancing film (e.g., the thickness of the color deviation
balancing film at the end thereof adjacent to the light source),
and the coefficient k1 is the slope value of the thicknesses of
both ends of the color deviation film relative to the length
along the backlight illuminating direction, which is in the
range from -0.00005 to -0.00015. The film having non-
uniform thickness in accordance with the embodiments of the
present invention can be applied to the edge-lit backlight
modules of a wide variety of scales, and the thickness change
trend of the film can be determined suitably as required by the
scale of the edge-lit backlight module.

As illustrated in FIG. 4, the shape of the color deviation
balancing film 24 in accordance with the embodiments of the
present invention is obviously different from that of the opti-
cal film 22. By using such a non-uniform transmissive film,
the decrease of light intensity near the light source is greater
than that away the light source, and as a result, the variation of
light intensity along the backlight illuminating direction can
be reduced. When the edge-lit backlight module is applied to
a LCD device, the problem of chroma deviation of the dis-
played image can be effectively solved.

In the above edge-lit backlight module, there is a color
deviation balancing film on the light guide plate or optical
film, of which the thickness decreases along the backlight
illuminating direction. Since the thickness of the transmissive
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film decreases with the length thereof along the backlight
illuminating direction increasing, the absorbance of the light
having certain wavelength by the light absorbing substance in
the transmissive film will decrease with the thickness of the
transmissive film decreasing. Therefore, the reduction of the
light intensity is greater near the light source than away the
light source and the variation of the light intensity along the
backlight illuminating direction will decrease. When applied
to a LCD device, the edge-lit backlight module can effec-
tively solve the problem of chroma deviation of the displayed
image.

In the embodiment illustrated in FIG. 2, the edge-lit back-
light module 20 further comprises a light source 23 and the
end of the color deviation balancing film 24 where the thick-
ness thereof is maximum is arranged adjacent to the light
source 23.

The light guide plate 21 comprises a substrate 210 having
an incident surface 211 for receiving light, a bottom surface
212 adjoining the incident surface on which a mesh dot layer
(not illustrated in FIG. 2) is arranged, and an exiting surface
213 adjoining the incident surface and opposed to the bottom
surface. The density of the mesh dot of the mesh dot layer can
decrease gradually along the backlight illuminating direction.

Specifically, the relationship between the density of the
mesh dot of the mesh dot layer and the length along the
backlight illuminating direction is linear and can be repre-
sented by Y2=k2*X+p, wherein Y2 is the density of the mesh
dot ofthe mesh dotlayer, X is the length of the color deviation
balancing film along the backlight illuminating direction, p is
the maximum density of the mesh dot of the mesh dot layer,
the coefficient k2 is the slope of the density of the mesh dot of
the mesh dot layer relative to the length along the backlight
illuminating direction and in the range from -0.05 to -0.15,
preferably -0.08.

Itis to be noted that the density of the mesh dot of the mesh
dot layer herein means the percentage of coverage rate of the
mesh dot, that is, the percentage of the area covered by the
mesh dot per square millimeter. The mesh dot layer can be
formed on the light guide plate by using control program such
as a dedicated dot setting software.

Consequently, since the density of the light absorbing sub-
stance in the mesh dot layer decreases with the length along
the backlight illuminating direction increasing, the decrease
of'the light intensity is greater near the light source than away
the light source and variation of the light intensity along the
backlight illuminating direction can be reduced. When
applied to a LCD device, the edge-lit backlight module can
effectively solve the problem of chroma deviation of the
displayed image.

As illustrated in FIG. 5, the dot density of the mesh dot
layer on the bottom surface 212 of the light guide plate 21
decreases along the backlight illuminating direction (the
direction illustrated by the arrow in the drawing). The rela-
tionship between the dot density of the mesh dot layer and the
length of the color deviation balancing film along the back-
light illuminating direction is linear, and the slope of the dot
density of the mesh dot layer relative to the length along the
illuminating direction is in the range from -0.05 to -0.15,
preferably -0.08.

Also, as illustrated in FIG. 5, in accordance with another
embodiment of the present invention, the shape of the bottom
surface 212 of the light guide plate 21 can be rectangle, and
the light source 23 can be located on the side of the short side
of the rectangle.

With the light source being located on the side of the short
sides of the light guide plate and the mesh dot layer, the
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number of the lights used in the light source can be reduced
and thus power consumption and product cost can be lowered.

In the embodiments of the present invention, the material
of both the mesh dot layer and the color deviation balancing
film 24 can be light curable resin that has the advantages of
low cost and being easily processed. The color deviation
balancing film 24 formed of light curable resin absorbs the
light spectrum (especially light having wavelength below 400
nm) to some extent and thus light energy will be lost, there-
fore, the color deviation balancing film 24 shall be thin.

For example, the relationship between the thickness Y1 of
the color deviation balancing film 24 and the length X of the
color deviation balancing film 24 along the backlight illumi-
nating direction is linear and can be represented by
Y1=k1*X+H, wherein the slope value k1 of the thickness of
the color deviation balancing film at both ends thereof relative
to the length of the color deviation balancing film along the
backlight illuminating direction is in the range from —0.00005
to —0.00015. The slope value k1 of the thickness of the color
deviation balancing film at both ends thereof relative to the
length of the color deviation balancing film along the back-
light illuminating direction is preferably —0.00008. H repre-
sents the maximum thickness of the color deviation balancing
film 24 (e.g., the thickness of the color deviation balancing
film 24 at the end thereof near the light source). When H is 50
um, the relationship between the thickness Y1 of the color
deviation balancing film 24 and the length X of the color
deviation balancing film 24 along the backlight illuminating
direction is a linear relationship represented by
Y1=-0.00008X+50, wherein both Y1 and X are in the unit of
um. For example, when the length X of the color deviation
balancing film along the backlight illuminating direction is
10000 pm, the thickness Y1 of the color deviation balancing
film is Y1=-0.8+50=49.2 um; and when the length X of the
color deviation balancing film along the backlight illuminat-
ing direction is 200000 pm, the thickness Y1 of the color
deviation balancing film is Y1=-16+50=34 um. With respect
to a LCD device, the maximum of length X along the back-
light illuminating direction is the length of the long side of the
LCD device.

On the other hand, similar to the linear relationship
between the thickness Y1 of the color deviation balancing
film 24 and the length X of the color deviation balancing film
24 along the backlight illuminating direction, the relationship
between the dot density Y2 of the mesh dot layer and the
length X along the backlight illuminating direction is also
linear and can be represented by Y2=k2*X+p. The slope
value k2 of the dot density of the mesh dot layer relative to the
length along the backlight illuminating direction is in the
range from —0.05 to —0.15, preferably —0.08. p represents the
maximum dot density of the mesh dot layer. Y2 is the per-
centage of dot coverage rate, that is, the percentage of the area
covered by the dot per square millimeter. X is in the unit of
mm. The slope value k2 of the dot density of the mesh dot
layer relative to the length of the color deviation balancing
film along the backlight illuminating direction is a coefficient
in the unit of /mm. p is the maximum percentage of dot
coverage rate of the mesh dot layer.

The benefits of the embodiments of the present invention
will be described by taking an 18.5 inch LCD device as an
example. As illustrated in FIG. 5, the light source of the LCD
device emits light from the right side. As illustrated in FIG. 6,
9 dots on the surface of the LCD device are selected for
testing. The coordinates of the 9 dots is selected in accordance
with TCOS5.0 specification, in which the lower right corner on
the inner side of the rubber frame is selected to be the origin
(0, 0), the coordinates of the test dot 1 are (370.32, 208.76),
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the coordinates of the test dot 2 are (206.4, 208.76), the
coordinates of the test dot 3 are (42.48, 208.76), the coordi-
nates of the test dot 4 are (370.32, 116.6), the coordinates of
the test dot 5 are (206.4, 116.6), the coordinates of the test dot
6 are (42.48, 116.6), the coordinates of the test dot 7 are
(370.32, 24.44), the coordinates of the test dot 8 are (206.4,
24.44), the coordinates of the test dot 9 are (42.48, 24.44), and
the horizontal and vertical coordinates of each test dot are in
the unit of mm. A unique color can be determined for each test
dot by using the color coordinates in a chromaticity diagram,
and the color coordinates (X, Y) used for representing the 9
test dots is listed in Table 1:

TABLE 1

Sample dot 1 Sample dot 2 Sample dot 3 Deviation
X 0.2973 0.2938 0.2910 0.0063
Y 0.2894 0.2844 0.2804 0.0090

Sample dot 4 Sample dot 5 Sample dot 6 Deviation
X 0.2973 0.2932 0.2906 0.0067
Y 0.2896 0.2836 0.2804 0.0092

Sample dot 7 Sample dot 8 Sample dot 9 Deviation
X 0.2972 0.2940 0.2908 0.0064
Y 0.2896 0.2853 0.2806 0.0090

In table 1, the sample dots 1, 2 and 3 are in one optical path
(dot 1 is the dot farthest from the light source and dot 3 is the
dot nearest to the light source), the sample dots 4, 5 and 6 are
in one optical path (dot 4 is the dot farthest from the light
source and dot 6 is the dot nearest to the light source), and the
sample dots 7, 8 and 9 are in one optical path (dot 7 is the dot
farthest from the light source and dot 9 is the dot nearest to the
light source). Color deviation is due to the accumulated
absorbing of the light having certain wavelength by the
medium though which the light travels in its optical path. If
the color deviation is significant, the difference between the
image color on the light incident side and the image color on
the light exiting side even can be perceived by human eyes,
resulting in bad visual effect. Therefore, the color deviation
may be measured by using the difference between the color
coordinates on the light exiting end and the color coordinates
on the light incident end, and generally, may be simply cal-
culated by using the measurement of the standard test dot.
Aberration is color difference defined by chroma difference.
The defined difference is the absolute value of the difference
(deviation) between one color and another. If a direction is
defined, positive direction means that the former is bigger
than the latter and negative direction means that the former is
smaller than the latter. When describing the difference, a
maximum may be used. Chroma difference includes X
chroma difference and Y chroma difference. According to
current specification, each of X chroma difference and Y
chroma difference is required to be within 10%.. Therefore,
the maximum of X chroma difference and Y chroma differ-
ence is accounted to be the chroma difference. Generally, it is
of'high probability that Y chroma difference is greater than X
chroma difference.

Referring to the present embodiment, the color deviation of
this product is described by using the maximum among the
chroma difference between dot 1 and dot 3, the chroma dif-
ference between dot 4 and dot 6, and the chroma difference
between dot 7 and dot 9. As can be seen from the measure-
ment result of this example, the color deviation of this product
is 9.2%o (the difference between the color coordinate Y of dot
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4 and that of dot 6). It can be seen that the color deviation
along the illuminating direction of the light in an existing 18.5
inch LCD device comprising an edge-lit backlight is about
10%o. Since the color deviation shall be within the limit of
10%o according to current specification, the level of the color
deviation of the 18.5 inch LCD device approximates to this
limit and severe color deviation may occur. The larger the
scale of the LCD display is, the severer the color deviation is.

Inthe 18.5 inch LCD device provided by the embodiments
of'the present invention, the light source is also located on the
right side, and the materials of the mesh dot layer and of the
color deviation balancing film are all light curable resin. The
relationship between the thickness Y1 of the color deviation
balancing film and the length X of'the color deviation balanc-
ing film along the backlight illuminating direction is linear
and represented by Y1=-0.08X+50. 9 dots on the surface of
the LCD device are selected for testing. The coordinates of
the 9 dots are also referring to those illustrated in FIG. 6. The
color coordinates of each dot are illustrated in Table 2:

TABLE 2

Sample dot 1 Sample dot 2 Sample dot 3 Deviation
X 0.2985 0.2950 0.2982 0.0003
Y 0.2906 0.2857 0.2926 -0.0020

Sample dot 4 Sample dot 5 Sample dot 6 Deviation
X 0.2983 0.2943 0.2974 0.0009
Y 0.2905 0.2847 0.2919 -0.0014

Sample dot 7 Sample dot 8 Sample dot 9 Deviation
X 0.2981 0.2949 0.2976 0.0005
Y 0.2904 0.2861 0.2920 -0.0016

The method for calculating the deviation in Table 2 is same
as that in Table 1. As can be seen from Table 2, the color
deviation of the 18.5 inch edge-lit backlight LCD device
provided by the embodiment of the invention is smaller that
about 2%o that is significantly reduced as compared to the
color deviation of 9.2%o of the existing L.CD device.

It is to be noted that the minus sign in Table 2 is used for
describing direction and the absolute value of the deviation
shall be used for accounting color difference.

It is also to be noted that the sample dots in Tables 1 and 2
are obtained by using LCD device dedicated optical measur-
ing instrument such as the popular SR-3 and BM-7 of Topcon
Cooperation in the art. The embodiment of the present inven-
tion uses SR-3 that has a higher precision and can also be
referred to as spectroradiometer or spectral luminance meter.

The data in the example illustrated in FIG. 2 is obtained by
using a coating layer having a thickness of 25 um on dots 1, 4
and 7 and a coating layer having a thickness of 50 pm on dots
3, 6 and 9 in a simulation experiment rather than using a
finished film with uniform slope. Therefore, the data of dots 2,
5 and 8 is not regular.

With the edge-lit backlight module that comprises a color
deviation balancing film, since the thickness of the transmis-
sive film decreases with the length along the backlight illu-
minating direction increasing and thus the absorbance of the
light having certain wavelength by the light absorbing sub-
stance in the transmissive film decreases with the thickness of
the transmissive film decreasing, the decrease of light inten-
sity is greater near the light source than away the light source.
As a result, the variation of light intensity along the backlight
illuminating direction can be reduced. When applied to a
LCD device, the edge-lit backlight module can effectively
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solve the problem of chroma deviation of the displayed
image. Furthermore, since the dot density of the mesh dot
layer decreases along the backlight illuminating direction, the
density of the light absorbing substance in the mesh dot layer
decreases with the length along the backlight illuminating
direction increasing. As a result, the decrease of light inten-
sity is greater near the light source than away the light source,
and the variation of light intensity along the backlight illumi-
nating direction can be reduced. When applied to a LCD
device, the edge-lit backlight module can effectively solve the
problem of chroma deviation of the displayed image.

The embodiments of the present invention further provide
a LCD device comprising the edge-lit backlight module as
described above. The color deviation balancing film of the
present invention can be used in the edge-lit backlight mod-
ule. The relationship between the thickness of the color devia-
tion balancing film and the length of the color deviation
balancing film along the backlight illuminating direction is
linear and represented by Y1=k1*X+H. Y1 is the minimal
thickness ofthe color deviation balancing film. X is the length
of the color deviation balancing film along the backlight
illuminating direction. H is the maximum thickness of the
color deviation balancing film. The coefficient k1 is the slope
value of the thickness of the color deviation balancing film on
both ends thereof relative to its length along the backlight
illuminating direction. The value of the coefficient k1 is in the
range from —0.00005 to —0.00015, preferably —0.00008.

The color deviation balancing film can be formed of light
curable resin.

The LCD device provided by the present invention com-
prises a backlight module that includes a color deviation
balancing film. The thickness ofthe color deviation balancing
film gradually decreases along the backlight illuminating
direction. Since the thickness of the transmissive film
decreases with the length along the backlight illuminating
direction increasing and thus the absorbance of the light hav-
ing certain wavelength by the light absorbing substance in the
transmissive film decreases with the thickness of the trans-
missive film decreasing, the decrease of light intensity is
greater near the light source than away the light source. As a
result, the variation of light intensity along the backlight
illuminating direction can be reduced. When applied to a
LCD device, the edge-lit backlight module can effectively
solve the problem of chroma deviation of the displayed
image.

Itis to be noted that as compared to the current process, the
method for forming the color deviation balancing film pro-
vided by the present invention shall be modified as follows:

With respect to wet coating process and UV drying pro-
cess, the jet head in the art may be modified so that flow rate
changed coating is performed under the control of a computer
to form a thickness non-uniform color deviation balancing
film in accordance with a predetermined thickness change
trend, instead of performing flow rate constant coating to
form a uniform film.

With respect to rolling process, the interval between rolls
can be adjusted so as to form a thickness non-uniform color
deviation balancing film in accordance with a predetermined
thickness change trend.

Of course, the thickness non-uniform film of the embodi-
ments of the present invention can be used in edge-lit back-
light module and LCD device having a wide variety of scale.
The thickness change trend of the product can be determined
in accordance with the scale of the edge-lit backlight module
and LCD device.

The foregoing is merely exemplary embodiments of the
invention, but is not used to limit the protection scope of the
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invention. The protection scope of the invention shall be
defined by the attached claims.

What is claimed is:

1. A color deviation balancing film applicable to an edge-lit
backlight module, wherein a thickness of the color deviation
balancing film gradually decreases along a backlight illumi-
nating direction;

an absorbance of the backlight by an absorbing substance

in the color deviation balancing film decreases with
decreasing of the thickness of the color deviation bal-
ancing film.

2. The color deviation balancing film according to claim 1,
wherein a relationship between the thickness of the color
deviation balancing film and a length of the color deviation
balancing film along the backlight illuminating direction is a
linear relationship represented by Y1=k1*X+H; wherein Y1
is a minimal thickness of the color deviation balancing film, X
is the length of the color deviation balancing film along the
backlight illuminating direction, H is a maximum thickness
of'the color deviation balancing film, and the coefficient k1 is
a slope value of the thicknesses of the color deviation film
relative to the length along the backlight illuminating direc-
tion and is in a range from —0.00005 to —0.00015.

3. The color deviation balancing film according to claim 2,
wherein the slope value of the thicknesses of the color devia-
tion film relative to the length along the backlight illuminat-
ing direction is —0.00008.

4. The color deviation balancing film according to claim 2,
wherein a material of the color deviation balancing film is
light curable resin.

5. The color deviation balancing film according to claim 1,
wherein a material of the color deviation balancing film is
light curable resin.

6. An edge-lit backlight module comprising a light guide
plate and an optical film arranged on the light guide plate,
wherein the edge-lit backlight module further comprises the
color deviation balancing film according to claim 1.

7. The edge-lit backlight module according to claim 6,
wherein the edge-lit backlight module further comprises a
light source and an end portion of the color deviation balanc-
ing film where the thickness of the color deviation balancing
film is maximum is near the light source.

8. The edge-lit backlight module according to claim 6,
wherein the light guide plate comprises a substrate having an
incident surface for receiving a light beam, a bottom surface
adjoining the incident surface, and an exiting surface adjoin-
ing the incident surface and opposed to the bottom surface,
and a mesh dot layer is arranged on the bottom surface of the
light guide plate, in which the mesh dot layer has a dot density
gradually decreasing along the backlight illuminating direc-
tion.

9. The edge-lit backlight module according to claim 8,
wherein a relationship between the dot density of the mesh
dot layer and the length along the backlight illuminating
direction is a linear relationship represented by Y2=k2*X+p,
and wherein Y2 is the dot density of the mesh dot layer, X is
the length of the color deviation balancing film along the
backlight illuminating direction, p is a maximum density of
the mesh dot ofthe mesh dot layer, the coefficient k2 is a slope
value of the dot density of the mesh dot layer relative to the
length along the backlight illuminating direction and is in a
range from -0.05 to -0.15.
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10. The edge-lit backlight module according to claim 9,
wherein the slope value of the dot density of the mesh dot
layer relative to the length along the backlight illuminating
direction is —-0.08.

11. The edge-lit backlight module according to claim 6,
wherein the color deviation balancing film is arranged on the
optical film or between the optical film and the light guide
plate.

12. A liquid crystal display (LCD) device comprising the
edge-lit backlight module according to claim 6.

13. The LCD device according to claim 12, wherein the
edge-lit backlight module further comprises a light source
and an end portion of the color deviation balancing film where
the thickness of the color deviation balancing film is maxi-
mum is near the light source.

14. The L.CD device according to claim 12, wherein the
light guide plate comprises a substrate having an incident
surface for receiving a light beam, a bottom surface adjoining
the incident surface, and an exiting surface adjoining the
incident surface and opposed to the bottom surface, and a
mesh dot layer is arranged on the bottom surface of the light
guide plate, in which the mesh dot layer has a dot density
gradually decreasing along the backlight illuminating direc-
tion.

15. The LCD device according to claim 12, wherein a
relationship between the dot density of the mesh dot layer and
the length along the backlight illuminating direction is a
linear relationship represented by Y2=k2*X+p, and wherein
Y2 is the dot density of the mesh dot layer, X is the length of
the color deviation balancing film along the backlight illumi-
nating direction, p is a maximum density of the mesh dot of
the mesh dot layer, the coefficient k2 is a slope value of the dot
density of the mesh dot layer relative to the length along the
backlight illuminating direction and is in a range from —0.05
to -0.15.

16. The L.CD device according to claim 12, wherein the
slope value of the dot density of the mesh dot layer relative to
the length along the backlight illuminating direction is —0.08.

17. The LCD device according to claim 12, wherein the
color deviation balancing film is arranged on the optical film
or between the optical film and the light guide plate.

18. The edge-lit backlight module according to claim 6,
wherein a relationship between the thickness of the color
deviation balancing film and a length of the color deviation
balancing film along the backlight illuminating direction is a
linear relationship represented by Y1=k1*X+H; wherein Y1
is a minimal thickness ofthe color deviation balancing film, X
is the length of the color deviation balancing film along the
backlight illuminating direction, H is a maximum thickness
of'the color deviation balancing film, and the coefficient k1 is
a slope value of the thicknesses of the color deviation film
relative to the length along the backlight illuminating direc-
tion and is in a range from —0.00005 to —0.00015.

19. The edge-lit backlight module according to claim 6,
wherein the slope value of the thicknesses of the color devia-
tion film relative to the length along the backlight illuminat-
ing direction is —0.00008.

20. The edge-lit backlight module according to claim 6,
wherein a material of the color deviation balancing film is
light curable resin.



